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Human/Robotic Exploration Objectives

Human & Robotic Exploration
Objective:

— ldentify revolutionary architectures,
concepts, and key technology
requirementsfor Human and Robotic
systems which have the potential, when
synergistically combined, to reduce the
time, distance and safety barriers
associated with scientific exploration
beyond Low Earth Orbit (LEO)

Rev-olu-tionar-y adj.

— ...Characterized by or resultingin
radical change.

The American Heritage Dictionary of the English Language, Third
Edition Copyright © 1992.

Goal Three: Pioneer Technology Innovation

MNASA'S GOAL 15 TO ENABLE A REVOLUTION 1IN
AEROSPACE SYSTEMS.

I crcler do defeckop the afenpice splom the st

Technology Innovation:

Develop revolutionary technologies
and technology solutions to enable
fundamentally new aerospace system

capabilities and missions

()b}fﬁ'ﬂw 10: Within 10 years, integrate revolutionary tech -
nologies to explore fundamentally new aerospace system capa -
bilities and missions; and within 25 years, demonstrate new

aerospace capabilities and new mission concepts in flight.

CONCEPTS
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FY 2001 Study Activity Results

e Univerdities Space Research Association (USRA) Task Objectives:
— Engage a broad audience for solicitation of creative/revolutionary ideas

— Useacollaborative effort of academic, industrial and gover nment expertsto
Identify potential revolutionary aer ospace systems conceptsfor scientific
exploration beyond L EO with both Humans and Robots

— Gain an initial understanding of the revolutionary technologies associated with
these Human and Robotic systems concepts which would, if developed,
maximize the probability of meeting NASA’s Exploration Grand Challenges
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FY 2001 Study Activity Results (continued)

Conducted a NASA-style Request for Information (RFI) through the NASA | nstitute
for Advanced Concepts (NIAC) in order to solicit ideas from academic, industrial
and government experts

Received 22 RFI responses
Responses available at http:// and Appendix A of the Workshop report

Responses covered a number of potentially revolutionary concepts for technologies
and systemsover a broad range of applicationsincluding:

Extravehicular activities

Architecturesfor Human/Robotic planetary bases and planetary exploration
Infrastructure for optimizing Human/Robotic collabor ation

Transportation and propulsion

I n-situ resour ce utilization

M ediation of the effects on humans of low-gravity and illness during long duration
missions

Sdf-transfor ming, metamor phic, and self-designing robots

Aerial robotic vehicles
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FY 2001 Study Activity Results (concluded)

o Sponsored the | CASE/NASA LaRC Workshop on Revolutionary
Aerospace Systems Conceptsfor Human & Robotic Exploration of the
Solar System on November 6-8, 2001 in Hampton, VA

— 100+ Universdgity, Industry, and Gover nment attendees

— Workshop covered current, near-term, and future ar chitectur es, concepts, and
technologies for Human, Robotic, and Human/Robotic Collabor ative
exploration of the solar system

— Workshop report currently undergoing final technical editing

| ssues and Recommendations

Human Exploration from the University, Industry, and Government
perspective

Robotic Exploration from the University, Industry, and Government
perspective

Human/Raobotic Collaboration from the University, Industry, and Government
perspective

Revolutionary Technologies

RFI Responses
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o 4 Study activitieswere planned for FY 2002

— Human/Robotic Exploration Advanced Concept Development Using Revolutionary
Aerospace Systems (Cirillo/LaRC)

» Science exploration requirements development based on NASA Grand Challenges
» Scenario development
» Concept development (NASA/USRA)
* Revolutionary Technology Identification
— Human and Robotic Cooper ative Teams Beyond LEO (Weishin/JPL)
* Focus on hybrid Human/Robotic system architectures
— Advanced In-Space EVA Capabilities (Kosmo/JSC)

» Focusonin-space EVA capabilities to enhance operations through improved space suit
flexibility with associated technology roadmap

— Human Emplacement of Lunar Telescopes (Duke-CSM)

» Assess effectiveness of astronomical telescopes on the Moon and their optimum design
features

« 1 Additional study added in November 2001

— Life Detection Requirements Definition and Revolutionary Instrument Concept
Development (M cKay/JSC)
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Planned FY 2002 Activities (continued)

« Human/Robotic Exploration Advanced Concept Development Using
Revolutionary Aerospace Systems

— Study Lead: Bill Cirillo, LaRC [Original proposal submitted by Melvin
Ferebeg]
— Objective(s):
 |dentify potentia revolutionary systems concepts to meet NASA mission
requirements
— ldentify potential beneficial linkage between Human and Robotic missions
 |dentify and assess potential revolutionary technologies based on
revolutionary systems concepts, RATS inputs, etc.
» Focusfor FY 2002 ison:
— NanoBioL ogic systemsfor both Human and Robotic missions
— Reusable nuclear transportation systems
— Enhanced In situ resource utilization and in situ science investigations
 |dentify NASA mission specific needs/areas that are not addressed by outside
agencies/companies/universities
 Integrate results of parallel Group 1 studies
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Approach

Definition of Top-L evel Requirements as decomposed from:

— NASA Vision

— Enterprise Strategic Plans

— NEXT activity

— Established “ Search for Life’ asprimary science mission driver
Decomposition of Top-L evel Requirementsinto measur able objectives

— Probability of Crew Survival

* Instantaneous Loss of Crew [Acute]
— Based on JSC Human Rating requirements

* Long-term impact to crew health resulting in Loss/Permanent Disability of Crew [Latent]
— Based on Bioastronautics defined risks
— Based on NEXT HSSWG requirements

— Probability of Mission Success
« Science Success
» Performance Success
— Probability of Technical Development Success
» TRL [portfolio of SOA, advanced, and revolutionary technologies]
o 2025 Mission Timeframe for Human missions to Mars
 Coupled Science Driverswith THREADS WBS to create linkage between
requirements, mission ar chitectures, and technology areas
o Establishment of Mars Mission options

« Establishment of Mission Phases
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Approach (concluded)

| dentification of Risks by Mission Phase
Definition of Functions/Elements within each Mission Phase
Development of preliminary risk model

Preliminary Identification of Risk Mitigation options by Mission Phase
— Architecturelevel options
— Concept level options
— System level technology level options

Focusison robotic enhancementsasa primary risk mitigator for both
future Human and Robotic missions

Assess difficulty of achievement using a quantitative TRL method derived
from SLI activity

10
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Science-Driven Process

NASA's VISION

TolmprovelifeHere ToExtend LifetoThere ToFind Life Beyond

€ &
NASA’sMISSION

Tounderstand & protect our home planet To explorethe universe & search for life
Toinspirethe next generation of explorers

|

Enterprise Strategic Plans

OSS Themes & Missions (S) OSF Themes & Missions (M)
OAST Themes & Missions (R) OBPR Themes & Missions (U)

Science Goals & Requirements

i |

Human-Robotic Mission Reguirements

i |

Revolutionary Technology Concepts

11
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Top-Level Mission/System/T echnoloqgy Linkage

Science - s i,
T : Pursuits Activities Destinations
Vision Question 8>
L /-f
« How did the « History of . F"E“r‘ﬁ!f? E—abmﬂ?ﬂi - Moo
Solar System major Solar analysis. absolule « Mars
[1h] evolve? System events | 392 determination . Asterdbids NGST | TPF | Cometary | Outer | Asteroids | Moon | Mars
M @ ‘calibrating the clocks™ | Van Mission | Solar
_I System
(T Q = How do humans |+ Effecis of * Measurement of - B d
O (o7 adapt to space? | deep space gencmic responses Van flien
> an cells to radiation belts Jodeling
- —
g : X X X X X X X
X X
'_|:. : _ : X X X X X X X
o = Whalis Earlh's | = Impact of * Measurement of X X X X X X X
e @ sustainability and [ human and Earth's vital signs X X X X X X X
i habitability? natural events | “taking th e X X X X X X X
G et upun Earﬂ-l Ing S X X X X X X X
= X X X X X X X
n : Architectures X X X X X X X
M v== |5 there Life + Origin of life + Detection of  bio- 29y
Lu d the in the Solar markers and
planet of - . ; ’; ’; ; ’;
origin? = Origin of life environments " " " " "
in the X X X X
Universe X X X X
X X X X
2.2 Space Utilities and Power
2.2.1 Solar Power Generation X X X
2.2.2 Nuclear Power Generation X X X X
2.2.3 Wireless Power Transmission X X X
|_2.2.4 Power Management and Distribution X X X
| 2.2.5 Energy Storage X X X X
2.2.6 Cryogenic Propellant Depots X X X
i t X X X X
2.2.8 Structural Concepts and Materials 5 5 5 5 5 5 5 >
2.2.9 Space Environmental Effects X X X X X X X
i iments X X X X X X X
2.3 Habitation, Bioastronautics and EVA
2.3.1 Advanced Habitation Systems X X X X
i X X X X
ol X X X X
2.3.4 Human Factors and Habitability X X X X
| 2.3.5 Adaptation and Countermeasures X X X X
|_2.3.6 Space Medicine and Health Care Systems X X X X
2.3.7 Biological Risk Prediction and Mitigation X X X X
2.3.8 Biological Systems X X X X
i jviti X X X X
2.3.10 Technoloay Flight Experiements X X X X

12
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o Risk-Based Design Philosophy

+ Identify the benefits to NASA Human and anloraton broara Hopote
Robotic Exploration Goals and Objectives
by incorporating revolutionary technologies

Mean of 01, 02;
Median of O2

 Benefits are derived at atop-level from A
NASA Vision statement

» Benefits are characterized for the RASC 1
activity in terms of:

— Probability of Crew Safety
— Probability of Mission Success

Median of O1

02
e Current Human and Robotic
Exploration Program

PROBAEILITY DENSITY

— Probability of Technical Development
Success [TRL]

» Risk isdefined as a combination of
Probability, Consequence, and Percelved
Utility

— Risk Averse Utility function => Path to O2
— Risk Taker Utility function=>  Path to O1

Consequence

Good

Not so Good
Bad

Very Bad

Outcomedistributions O1 and O2 aretypical of the choice between a
new technology and a proven technology

13
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— Program Development —D—I-d—
Advanced
Technology
Benefits Current
Technology
-
Costs Program Launch Date
» Plan to take advantage of success
* Do not plan for success (in terms

of technology breakthroughs
CalendarTime & ghs)

o

Typical Investment Cost Benefit Streams (Undiscounted)
for
Current and Advanced Technology

MNote Advanced Technology "Promises" higher return for greater investment but the retum has greater uncertainty 1
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Mars Human Mission Options

 Allowsfor the evaluation of different technologies at an architectural,

concept, and system level for both:
Human Missions
Robotic Missions

e Supportsthe assessment of a re-usable nuclear based transportation
architectureincluding use of Mars orbit NEP tanker

Option Assembly | Departure MarsOrbital Arrival Notes
L ocation L ocation L ocation L ocation
1 LEO LEO 500 km circular EML1 L EO assembly benefits
Re-use compatible wW/OASIS
2 EM L1 EM L1 500 km circular EM L1 Fully compatible w/OASIS
infrastructure
3 LEO LEO 500 km circular LEO Simplest transportation arch.
w/associated risk
4 LEO LEO 24hr dliptical EM L1
250km x 33730 km
5 LEO LEO Phobos [6000km] EML1 Permanent Mars or bit space
circular station, potential ISRU

CONCEPTS
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Mars Robotic Mission Architecture

Nanobots

Lab
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Bimodal Nuclear Electric Propulsion

Leonard A. Dudzinski
Voice: 216-977-7107
FAX: 216-433-2215

May 3, 2002

SIPO P(PO
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Hybrid Propulsion

 Hybrid propulsion isthe combination of two discrete propulsion systemswith
fundamentally different characteristics

— High Thrust

» Low Specific Impulse (Isp) generally less than 1000 sec

» High acceleration generally above .01g

» Provides“quick” velocity changes within strong gravity fields. “impulsive”
— Low Thrust

» High Specific Impulse generally 1000 sec and can be greater than 10000 sec

» Low acceleration generally below .001g

» Provides efficient velocity changes over time

A single mission can benefit from the use of both types of propulsion if each is
used whereit ismost efficient

« Mission performance benefits can be offset by the dry mass of two propulsion
systems and operational complexity

 High temperature gas cooled reactor fuelstechnology enables potential
integration of High Thrust Thermal with Low Thrust Electric Propulsion
technologies with minimal increase is system dry mass

18
............
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Bimodal Nuclear Electric Propulsion

A Fully Integrated Bimodal
Propulsion and Power System

e During high thrust
mode, LH2 propellant
iIsthermally accelerated
through thereactor,
which produces thermal
megawatts at >2000 °K

e During power
generation, the gas
cooled reactor produces

=

Turbopump
System

thermal kilowattsat  GasCooled
~1500°K Reactor

e Dynamic power
conversion generates
: Brayton Cycle
electrical power tofor 3Fl)owery
Electric Propulsion and Conversion
other vehicle systems

Electric
Thrusters

IVO

Space Tr arqmwr Project Office
Giern Research Canlar

[|I’,J.,|.|r,|l_l |_|

._.' Y
‘ e
¥

Multiple
Coolant Path
Fuel Form

LH,

Heat Rejection Radiator Panels

19
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Bimodal Nuclear Electric Propulsion Benefits

« Enhanced mission performance with smaller, nearer-term technology
subsystems than NEP alone

— Enables very demanding missions such as Interstellar Probe
 New mission classes enabled

— High thrust mode can be used for descent/ascent

— BNEP used for descent can provide surface power for ISRU

— |ISRU propellant can be utilized for LOX augmentation and sample return missions

— Can be used as a Nuclear Ramjet for Jupiter atmospheric flyer
« Evolvabletechnology to larger sizesrequired to support Human Missions

— BNEP reduces the step size from science class systems to human class systems
 Onefuelsdevelopment program (eg. CERMET) supportsNTR, BNTR, NEP,

combined BNTR/EP, and surface power systems

— CERMET Fud has synergy with DOE/Naval Reactors Division, and industry (BWX
Technologies) support base

Wide latitude of mission performance reduces program risk
— Mission architecture is forgiving to system technology & performance

SITPC

Space Transportation Project Office 20
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Hybrid Propulsion Trajectories

Comparison of Technologies Effect on Geocentric Trajectories

L

Geocentric Y (km)

Departure
Asymptote 0

150000

e B0 i

100000

50000

Geocentric Y (km)

-50000
0000
100000

Geocentric X (km)

Circular Escape Spiral
Zero Energy Departure
Significant Departure Time

IO

Space: Transpariation Promct Ofice

-50000

150000
-100000

BNEP

Elliptical Spiral to HEEPO
Significant Departure Time, but
supportsreduced IMLEO
OR
High Energy Departure
Minimal Departure Time

-50CA00
50000
100000

Geocentric X (km)

High Energy Departure
Minimal Departure Time
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Hybrid Propulsion Trajectories

Comparison of Technologies Effect on Interplanetary Trajectories

Heliocentric ¥ (AU}

o (3]

NEP

Zero Energy Departure
and Arrival

(nw) ¥ aussolay

a2

Heliocentric v (ALU)

[

o1

BNEP

(Less) Positive Energy Departure
Zero Energy Arrival

gl oL

(Nw) ®% sumuasolay

0z

GE

Heliocentric Y (AL

o L o

sumdepy - — —
HLM

|

NTP

Positive Energy Departure
and Arrival
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Neptune Orbiter Scientific Probe

 NASA Office of Space Science Potential Mission High Energy Outer Planet Mission
» 2010 Departurewith10-12 Year Transit . Heliocentric Y (AU)
500 kg Science Payload e e
 NEP: |

— Spiral Earth Escapefrom LEO (407 km circular) @ i

— EP Rendezvous and Spiral Neptune Capture
e NTP

— NTR Earth Escape from LEO to C3=160 km?/sec?
— Propulsive Neptune Capture
« BNEP Option 1 I/
— NTR Earth Escape from LEO to C3=100 km?/sec? ;
— EP Interplanetary
— NTR Propulsive Neptune Capture /
— EP orbit phasing with Trition
« BNEP Option 2 &
— EPLEO-HEEPO Spiral prior to Trans-Neptune I njection s k
— Jettison LH2 Tank after TNI 8 =
— EP Rendezvous and Spiral Neptune Capture

214¢} | .

Spaca Transpnrlal un Prn-ccl Dﬂ'ce

H ]

gl

{nv) x 21ueaoleH

0z

ZE
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Nuclear Technologies Performance Comparison

Neptune Orbiter Scientific Probe

Direct
Injection
to
C;=100

—
(¥

Direct
Injection :
to Direct
C,=100 Injection
| to
C,=100

IMLEO (Mt)

BNTR BNTR BNTR NEP NEP BNTR/EP BNTR/EP BNTR/EP
NERVA Composite Cermet Fud “Near-Term” “Mid-Tem” “Near-Term” “Near-Term” “Near-Term”
Technology Fuel Technology Technology Technology Technology Technology Technology
Isp880sec | oMOIO i ghad0sec  Specific Mass 37 Specific Mass 31 Specific Mass 96 Specific Mass 85Specific Mass 91
Isp 915 sec kg/kWe kg/kWe kg/kwe kg/kWe kg/kWe
87 kWe 57 kWe 18 kWe 21 kWe 18 kWe
STPQ Isp 6800 Isp 6800 Isp 7500 Isp 7500/3000  Isp 7500/5500
Smﬁ 1r o NTRISP940  NTRIsp940  NTRIsp 940 o4

Glann Resuanch Cortee
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Detailed Mission Study: Pluto Orbiter Mission

NASA Office of Space Science potential mission
to study condensing atmosphere in 2020-2023

2011 Departure, 10 yearsto Pluto
500 kg Science Package
NEP:
— Spiral Earth Escape from SHO (2500 km circular)
— EP Interplanetary
— EP Rendezvous, and Spiral Pluto Capture
— “SOA” Brayton NEP System
o 1150°K TIT, 6kg/nm? Rad, 2000V PMAD
» 5kg/kW, EP Subsystem, 10% Tankage
BNEP:
— High Thrust Mode Escape from SHO to C3=29
km?/sec?
— EP Interplanetary
— EP Rendezvousand Spiral Pluto Capture

— “SOA” Brayton NEP System with ESCORT thrust
mode components

* +10% reactor mass, 165 kg nozzles, pumps,etc.

9;]'7& « Al LH, tanks jettisoned after escape

Space Transportation Project Office
Ghann Resanch Confar

High Energy Outer Planet Mission

Heliocentric Y (AU)
S s

-24

-28

-32

-36

BMEF Thrust
Coast
NEF Thrust

Coast

—==-= Pluta

) 4 8 12 16
Heliocentric X (AU) 25
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BNEP Mission Performance L atitude

10 year Pluto Orbiter Mission
« BNEP provides awide latitude of
possible missions with a given system
technology
— Reduces program risk

« BNEP requiresless power than NEP

— Significant reductionsin power are
possible by ussingmoreLH,

Final Low Thrust Accelleration
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BNEP System Performance L atitude for a 10 Y ear

Pluto Orbiter Mission

» Bimodal NEP provides a more robust capability to meet future deep space
mission requirementsthan a straight NEP system

— NEP requires a Specific Mass of < 35 kg/kW, and power 115 kW,
— BNEP supports a Specific Mass up to ~60 kg/kW, and power levels aslow as 20 kW,
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BNEP Concept: Scientific Probe To Pluto

o 75kWeEP Science Payload Brayton
— 9400 sec I'd Power
. ; Conversion
« 3klbf NTR
— 900 sec
« 12.2MgLaunch
— 5MgLH, Liquid Hydrogen S J_f'_ N - Electric
_ 22MgXe Propellant Tank for IO Thrusters

Thermal Propulsion

Mode \

28
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Nuclear Propulsion for Human Exploration
Missions

Stanley K. Borowski
NASA Glenn Research Center
(216) 977-7091

May 3, 2002
P(FO
Space T;IPQ i e’
s p 29




REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Artificial Gravity “Bimodal” NTR Crew Transfer
Vehicle (CTV) for Marsand NEA Missions
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S=Ll5="3 Modular “Bimodal” NTR Transfer Vehicle Design
for Mars Cargo and Piloted Missions

Bimodal NTR:  High thrust, high |, propulsion system utilizing fissioning U**> produces
thermal energy for propellant heating and el ectric power generation enhancing
vehicle capability
Engine Characteristics
. Three 15 klb; engines, T/W,, ~3.1
Each bimodal NTR produces 25 kW,

Utilizes proven Brayton technology

Variablethrust & I, optional with “LOX-
afterburner” nozzle (LANTR)

sHab

Vehicle Characteristics

. Versatile design

. “Bimodal” stage produces 50 kW,
. Power supportsactiverefrigeration of LH,
. Innovative “ saddle’ truss design allows easy jettisoning

of “in-line” LH, tank & contingency consumables

. Vehiclerotation (w = 4-6 rpm) can provide Marsgravity to crew
outbound and near Earth gravity inbound (available option)

. Propulsive Mars capture and departure on piloted mission Piloted Transfer Vehicle
. Fewest mission elements, ssimple space ops & reduced crew risk
. Bimodal NTR vehicles easily adapted to Moon & NEA missions SJTP

Space Transnmlallun Fm]ecl Offica
Resnanch Centar
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“Bimodal” NTR Crew Transfer Vehicle (CTV)

“Bimodal” NTR Core Stage w/Refrigeration “In-Line” Propéllant Tank Shuttle L aunched
( Sized for Delivery by “ Shuttle-Derived” HLV ) ( Tank Jettisoned ) “TransHab” Module
(Payload ~21.1t )
Refrigeration |
3x 15kl BNTRs System |
(FIW,,~3.1) : \ Strongback Truss ,
eng 48.6t Capacity _ 43t C it : _
LH, Tank apacity | Jettisonable | EcRM
50 kWe LH, Tank Consumables (~6.9t) L sa
CBCIw/Radiator | RCS. | |
k| - '|'|1 |
= =P T“ﬁf’ﬁﬁf[
I I]; 1 d*_
7 \ Al
e = TL NANGN LIT\] Dlﬂyﬁ__
S B
?.4!1 LD.
~= = 3.5m
4.5m = - 19m - - 17m - - 2m
- 28m - 36.15m -
- 64.15m -

9JTP(<) IMLEO: ~166.4 t
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

“Bimodal” NTR Crew Transfer Vehicle
(CTV) in Artificial Gravity M ode

Ref: Borowski et ., AIAA-99-2545

IVO

Space Tr ansmwr FmsctOH‘c.e 33



REVOLUTIONARY

=i “Bimodal” NTR Cargo & Crew Transfer Vehicles
for 1999 M ar s Design Refer ence Point 4.0

AEROSPACE SYSTEMS CONCEPTS

6-“80t" SDHLVsplus Shuttlefor Crew & TransHab Delivery

2011 Cargo Mission 1
Habitat Lander
IMLEO=131.0t

2011 Cargo Mission 2

Optional “In-Line’ ' Cargo Lander
LH, Tank (if needed) — IMLEO=133.7t

2014 Piloted Mission
Artificial Gravity
Crew Transfer Vehicle
IMLEO=166.4 t

SITPO
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]| Lo

X-Augmented" NTR (LANTR) Concept

--Operational Features and Characteristics--

Reactor Nozzle
Core _\ Throat .
] Supersonic :
Combustion
Hydrogen :’ % \ i —
Coolant/ il Supersonic s Thrust :
Propellant < -//*— Hz Augmentation | _
/ (Tex + ATe = 3,500 K) | —»
_/ Injection —_
Subsonic a3
Hot H2
(Tay ~ 2,600 to 3,100 K)
Isp (s€c)
Life (hrs) 5 10 35 Tankage wae,-,g
Tex ("K) 2,900 2,800 2,600 Fraction (%) Ratio
O/H MR = 0.0 941 925 891 14.0 3.0*
1.0 772 762 741 7.4 4.8
3.0 647 642 631 41 8.2
5.0 576 573 566 3.0 11.0
7.0 514 512 508 2.5 13.1

*For 15 kibf LANTR with chamber pressure = 2,000 psia and £ = 500 to 1

CONCEPTS




REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

BNTR Vehiclesfor Human Mars Missons

Hybrid BNTR/EP (Sized for 2018 “short stay” 1 year round trip)
— 3x15kibf BNTRs L,
— 1MW, bimodal power system |
— 3x 333 kW, Brayton Power Conversion Loops
— 100 kW, lon Thrusters

(] i
- . -
- e Y 4 -
i 'j':: } '.I.l‘- i
i, |

BNTRs /
Power Conversion LH, Core Tank

Common LH, Drop Tanks

Xenon Propellant
j!  ———— \on Thrusters
D

* BNTR (Note: Thisvehicle sized for lower energy, long stay mission)
— 3x15kbf BNTRs
— 50 kW, bimodal power system
— 3+1 25 kW, Brayton Power Conversion Loops
W= ]

| [T
-
.IIl-i b
-

2 14®]

e Tr arqmr_ ion Pm1r-_t t Cffice
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OLUTIOMNARY SYSTEMS CONCEPTS

AEROCSPACE

2018 Mars Opposition 1 Year Round Trip
(Pre-deploy Cargo/ Crew travelsto and from Marsin same vehicle)

IMLEO (Mt)

400
300
200
631
100
0
BNTR BLANTR NEP MNEP NTR/EP
“ SOA” “ SOAH “ M |d-TG‘ m” “ Far'Ter m" “ Near'Ta. m"
Technology Technology Technology Technology Technology
Brayton Brayton Brayton Brayton BNEP-Brayton
Isp 955 sec Smaller Vehide Specific Mass 5.6 ~ Specific Mass 3.9 Specific Mass 13
kg/kWe kg/kWe kg/kWe
Isp 955 sec
37 Mwe 11 Mwe 1 Mwe
Isp 755 sec
9 V @MR=1 Isp 5200 Isp 4000 Isp 5000/4000
A I Q NTR Isp 955

Space Trans;mmm Fm;ect Oﬁ'c.e
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Fission Propulsion Technology Scaling
for Scienceto Human Missions

Parameters Science Missions Human Missions

NEP BNTEP BNTR BNTEP NEP
Reactor Power 25 330/0.2
Therma (MW1t) 41t0.5 100/.4 330 to 550 330/2.5 44
Electric (kWe) 100-500 20-100 50 1000 11000
Engine Thrust 15 15
Therma Mode (klbf) 2t06 15t0 25 15000
EP Mode (N) 2t05 1to3 30 300
EP Thrusters
Power (kWe) 20to 50 10to 25 100 to 500 > 1000
Number 21010 2104 21010 510 10
Brayton
Power (kWe) 35t0 100 25 25 350 > 1000
Radiator Size (m2) 250 150 70 550 > 2500
Technology SOA SOA Near Mid Far

Sl Resssech Contsr
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REVOLUTIONARY

=L =T Technology Development is Underway to Support
Design Definition for the BNTR Crew Transfer Vehicle

AEROSPACE SYSTEMS CONCEPTS

Lightweight
Structures & Tanks

Lightweight
Composite Nozzles

Brayton PCS

L

Active LHz
Refrigeration

4
> Afterburner Nozzle ™, Heat Pipe Radiator
: Sl AT R e

IPO

Space Transportation Project Office 39
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Potential Mission Applications

Human Exploration Possibilities Using NTR

High thrust and Isp, power generation and ISRU allow significant
downstream growth capability--"Revolution through Evolution”

LUNOX
/Polar Ice

LH. and LOX Jupiter

Phebos :
Europa Ganymede

B Mission possibilities:
- Heusable Lunar and Mars Transfer Vehicles
- "24 Hour" Commuter Flights to the Moon
- Fi'eusabie- Mars Ascent/Descent Vehicles

Viewgraph developed for Garry Lyles
during ASTP formulation phase - 1996

2 14®]

e Tr arqm c: Fm;e lOfFr.e



REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Nuclear Propulsion Optionsfor Moon / Mars Exploration

A variety of Moon / Mars mission architectural features (with initial focus on Mars) will be
assessed

Mars Mission Architecture Features:

» Reusable transportation for both in-space and ascent/ descent
» LEO transportation node/depot and/or Earth-Moon L1 staging node

« BNTR, “LOX-Augmented” NTR (LANTR), “al” NEP and hybrid BNTEP options will be
considered for piloted and cargo mission applications

 Will consider the use of reusable boost stages that provide Earth departure assist, then separate,
retrofire and return

» Will take preliminary look at a mobile NEP tanker that can be positioned at either low Mars
orbit or highly dliptical Mars orbits like those examined in NASA’s DRMs

» Will consider the impact on vehicle design of a Phobos propellant depot. Previous GRC
assessments showed that with resupply LOX and LH, from Phobos, an expendable bimodal
LANTR MTV wouldbe capable of Earth return and reuse

Other concepts/ features asidentified and that look promising

i.T %}

Space Transpnrlal un Prnﬁcl D'fl:e 41



REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Nuclear Propulsion Option Conclusions

 Development of a gas-cooled reactor fuel capable of bi-modal operation
would lever age one fuels technology development to servethree
propulsion technologies

 Hybridizing Bimodal NTP with EP can provide advanced technology
performance for high energy missions with nearer term technologies

 Both NTP and NEP technologies are readily scalable

— Small BNTR sufficient for scientific probe missionsiswithin a factor of 2 of
NTR technology required for Human Mars Missons

e 6000 Ibf for Science vs 15000 I bf for Human Missions

— Brayton or Stirling power conversion for scientific probe missionsisthe same
order of magnitude asthat needed for Human MarsMissions

e 20-40 kWefor al NTR
e 1000 kWe for BNTR/EP
e 10000 kWefor al NEP

— lon EP for sceintific probe missionsiswithin a factor of 10 of technology
required for Human Missions
» 10 kWe/Thruster vs 100 kWe/Thruster

« 1000 kWe/Thruster required for all NEP

IPO

Space Transportation Project Office
Space Transpor jec
Gl Research Cantar 42



Risk Intensity

REVOLUTIONARY

AERO

SPACE

SYSTEMS

C

ONMCEPTS

Cumulative RisKk | ntensity

Cumulative Crew Safety Risk Intensity Example

1/x Total Risk >
% L
"-“"‘u\,‘ TR
ETO LEO/Earth Earth-to- Mars Mars Mars Mars-to- LEO/Earth Earth
Neighborhood Mars Entry, Surface Ascent Earth Neighborhood Entry,
Operations  Transit Descent & Operations Transt  Operations Descent &
Landing Landing

100

=S
g
o
&
=
ke
S
S
-
O
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EVOLUTIONARY AEROSPACE S5YSTEMS COMNCEPTS

Risk I ntensity Example

[ Environmental Health

Food & Nutrition

Human Behavior & Performance

Vehicle Systems

Bioastr onautics

Mars-to-
Earth
Transit

\ Space Medicine

Multi-system Alterations




REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

NanoBioL ogic Systems

Nanobiologics integr ates nanotechnology, biotechnology, and infor mation
technology to achieve unprecedented capabilities in engineered systems

CMU’s Robotics I nstitute is assessing the utilization of NanoBioL ogic
systems to support both Human and Robotic missions

Study will identify:

— Mission applications
— Benefits

— Concepts

— System Technologies

Tha &
WL

It isanticipated that NanoBioL ogic systems will deliver unprecedented
capabilities for the exploration of space, and for the study of the origin and
role of lifein the universe

— Small size, mass are unique payoffs for space
— Thereduced gravity of some space venues offers further space advantage

Nanobiologic technologies will also contribute immensely to macro-systems
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Nano/Bio/I T Fusion

 Fusion: integration of constituent materials and
components
— multiple scales (nano/micr o/macr o)
— multiple domains (nano/bio/info)

— chemical, bio, éectrical, and mechanical, and data/info Applications
compatibility

— tightly integrated biomimetic agents

 Objective: Manifest “nanobots’ instantiation

— miniatureapplication-specific robots Nano _ Info
— micron sized components 50 0100011101
— nano/biofinfotechnology R 1110101000
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

NanoBioL ogic Fusion Objectives

 Comprehensive integration of structure,
sensing, power, actuation,
communication, and processing

e Producerobots akin to small creatures
with ability to

— Acquire, process, and communicate
information

— Moveand navigate and oper ate
independently

 Designed and engineered for

— Severeenvironments(e.g., vacuum,
shock, radiation)

— Manufacturability and repeatability
— Mission-specific needs

a7
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ROSPACE S5YSTEMS COMCEPTS

Fusion Challenges

No established design methodology

Ad hoc, parochial technology development and one-of-a-kind
componentsfor integration

Disparate prior nanorobotic designs
Craftsman-like assembly
L ack of focus on space applications forf < Gsdlglege e e *'""-

Missing or immatur e technology piece:
— Long-term lightweight power
— Effective actuation for locomotion, sampling and manipulation
— Sdf-healing information and communication subsystems
— Biosensing modules that survive space environments
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Fusion Approaches

Develop nanobiologic design methodology

L everage expertise in robotic system design,
development and deployment

Evolve softwar e incubator for system-level
discovery and evaluation maturing to physical
implementation

Develop micro/nano assembly and self-assembly _ ‘ |

| dentify, acquire, and merge “best-of-breed” technology
— COTS, academic, industry, gover nment labs
— Continuous evaluation of advances
— Guide Ingtitute research tofill in technological gaps

49
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AEROSPACE SYSTEMS CONCEPTS

Power: System Technology Options

Power System - Technology NASA Mission
TRL Payoff
Thin Film Batteries 3 6
Super capacitors 2 7
Micro-Fuel Cells
-Solid Oxide Fuel Cell (SOFC) 2 9
-Direct Methanol Fuel Cell (DMFC) 2 9
Photovoltaic Cells
-Si 3 3 bimetallic
replaceable
-Tri-Block Co-Polymers 1 6 power source
Thermoelectric Generators 2 6 pl aced on board
units
Kinetic Generators 1 4 20-400 nm
Microturbine Engines 1 7 dla,meter’
10's mm long

Striped Nanorods

50



REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Power: Devices

Single crystal photovoltaics

o Efficient solar conversion
 Radioisotope-phosphor systems
for dark power generation

e Single crystal synthesisis
straightforward at the micron scale

» Single crystal efficiencies (ca.
15%) should be achievablein
multi- p-n junction devices

T 0372mx6
? m Au-tipped
Si nanocrystal

CVD Growth of S Nanocrystals
In Porous Alumina Membranes

Pt-Ir  Co/CoSi, Pt
51



REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Power: Assembly and Scaling

Assembly: Electrofluidic and microfluidic  Scaling: Minimum scale will be
techniques have been developed for determined by absorption lengths:

nanowire device integration e 5-20 mm for indirect gap (S,
Ge) semiconductors

e 0.2-1mmfor direct gap (CdTe,
CulnSe,) materials

e 1-10 mm for radiophosphors
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

e Themes:

— Detect rare targets in difficult environments
— Use biomimetics to develop extraordinarily sensitive, cheap

and robust sensors

» Geological components on planets
 Liferelated molecules
— Planets

— Spacetraveler health
— Harsh environmentson earth

» Leakage on spaceship
— Vacuum, fuel, ail leaks on spacecr aft

53



« Sampling Challenges

. Samplmg Approaches

REVOLUTIOMNARY

AEROSPACE

SYSTEMS CONCEPTS

. Sampling in a Difficult Environment

High and low temperatures
Vacuum

Below surface

UV exposure

Drill or crush materialsfor sample
Sticky “tongues’ for sampling
Non-evaporating molecular trap: “saliva”
Fluid polymers

L ow-vapor -pressure liquids—glycols, alcohals, ionic liquids, eutectics?




REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

M ovement Options

Walking

— Insect mode - six legs with triangular gait is most useful
Crawling

— Many small MEMS feet (starfish, snail)
Hopping

— Especially good for low-gravity bodies (grasshopper)
Flying

— On Mars; on Titan? On gas giants

— May be very useful inside space vehicles, space station
Reaction motors

— Small jets (from internal stores—heat for propulsion

— lon thrusters

— Photon thrusters for very low-G environments
Solar sails

— Sails powered from motherbot
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Step 2: Sensing and Analysis

e Targets— Analytical methods

Biological polymers— Biosensors, mass spec, SERS, chirality sensors, etc
Morphology of life“forms’ inice/rock — I maging

Cytokinesin astronauts— Biosensing array chips

Bonelossin astronauts— Stress response sensors, imaging

Radiation damage to cells and tissues — Biosense response signals, apoptos's,
cell divison aberrations, chromosome abnormalities
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

s Examples of Binding-Type Sensors
Target recognition and signal transduction

» Target Recognition
— Peptides: antibody-related
— Nucleic acids: aptamer related
— Inorganic-organic receptors

excitation emission excitation emission
(green)

« Signal Generation
— Fluorescence
— RF detection
— Mass change
— Refractive index
— Calorimetry
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Strip Line Sensor Technology for Binding-Type Sensor s

L abel -less methodology for sensing biological and non-biological molecules
in 100-100,000 Dalton molecular weight range
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SYSTEMS CONCEPTS

REVOLUTIONMNARY AEROSPACE

Search for Lifeon Mars

« Nanobot with following sensor
systems:
— Extraction and sensing of
biopolymers

* Repeating element sensor
e Micro-mass spec
* Micro-Raman

— Molecular chirality sensor
 Binding recognition

» Optical rotation of
concentrated extracts

— Remnants of life forms
» Rock cleavage device with
* Image scanner/pattern
recognition
» Raman analysis of identified
structures
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« Nanobot with following sensor
systems:

REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

M echanical-Electrical Diagnostics on Spacecr aft

Vibration sensing

Position sensing

Electrical hot spot detection

Resistance, impedance,
voltage measurements

Gas-vapor release sites

Radiation hot spots
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« Nanobot with following
sensor systems:
— Position sensing
— 3-D mapping and
adaptive positioning
— Proprioception
— Force, temperature,

pressure Sensors on
manipulators

— Power for manipulators

— Vibration sensing

— Gas-vapor release
sensing

— Radioactivity sensing

61
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Human & Robot Cooperative Teams

J. H. Smith
G. Rodriguez
J. Geffre
R. Ambrose
C. Wesbin

May 3, 2002
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

Objectives

Develop new system ar chitecture concepts of cooper ative teams of humans
and robots operating beyond low-Earth orbit

Quantify the impact and benefits enabled by new human-robot system
architectural conceptsin performing arange of futuristic space oper ations
(in-space telescope assembly)

Conduct case study to illustrate how the new human-robot system
ar chitectures provide benefit to in-space structural platform assembly
scenarios.
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REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

T=151 Revolutionary Ar chitectur es Enabled
by EVA/Robot Technologies

« JPL GOAL ISTO ILLUSTRATE THE PREMISE THAT THE WHOLE IS
GREATER THAN THE SUM OF THE PARTS

« REVOLUTIONARY advancesin both EVA & ROBOT technology
lead to Human-Robot Cooperative SYSTEM ARCHITECTURE
GAINS greater than those of the individual technologies

SUPER-ROBOT

* Nano-Tech Sdf-Repair
Sdf-Healing
* SKin Sensitive SUPER-HUMAN-ROBOT ARCHTECTURES
Nano-to-Macr o Scale Oper ations
Minimalist Resour ces
Etc.
SUPER-HUMAN
e Suit-Augmented
* ForceMultiplied
e Zoom In/Out See

* Etc. 1 Controller Commands Work Crews
Heavy-Duty L arge Force Tasks
 Etc.
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Revolutionary SUPER-HUMAN Skills

Functions In-Space SOA Performance Revolutionary Performance

BREATHE Heavy Back-Pack Miniaturized | SRU Unit

WALK Suit-Impaired Suit-Augmented

TALK Discrete/Selected Sites Distributed/Selectable; wide-
bandwidth

GRASP Glove Impaired Glove Augmented

HOP Short range; unsafe Long range; safe

TOUCH Glove Impaired Glove Augmented

SEE Daylight; headgear impaired Day/Night; Multi-Spectral;
Zoom In/Out

THINK Supreme Supreme-Plus-Plus

THROW Suit Impaired Suit Augmented

OTHER Limited by Human Physiology Expands Range of Natural

& Suit

Human Skills
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Revolutionary SUPER-ROBOT Skills

Functions In-Space SOA Performance Revolutionary Performance

SURVIVE Solar Power Withstand Extreme
Environment

MOVE Benign Environment High-Risk Environment

COMMUNICATE

Discrete/Selected Sites

Distributed/Selectable; wide-
bandwidth

GRASP Few DOF; small force Many DOF; largeforce

HOP Limited Range; unsafe Unlimited Range; Safe

TOUCH Point Sensors Distributed Skins

SEE Daylight; headgear impaired Day/Night; Multi-Spectral;
Zoom I n/Out

THINK Moder ate Supreme

LIFT L ow-g Heavy High-g Heavy

WORK Focused on Human-Scale Expands Rangein size,

Robot; someR & D on
miniaturization

per ception, cognitive and motor

skills
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SUPER HUMAN+ROBOT ARCHITECTURES

(One Plus One =

999 Billion)

Functions In-Space SOA Performance Revolutionary Performance
ASSEMBLE Remote Robot Controlled from 1 Controller Commands Many
Earth or LEO Robot-Human Teams at Once

MANIPULATE SRMS & ISSRMS 1 Controller Commands Human-
Robot Work Crew

ACCESS 10s of Meters M ulti-Scale; from Nano-to-Macro
Scales

WORK Servicing & Assembly in LEO Heavy-Duty Assembly of

Telescopes & Other Ultra-Precise
Structures

INTERACT (Human & Robot)

Limited-Autonomy; teleoperation

Minimalist; highest-level
commands

COOPERATE

Robot Manipulator Assists
Astronauts

Cooper ative Human-Robot
Teams (beyond LEO)
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| llustr ative Case Study:
Gossamer -Type Telescope Assembly

» Establish baseline performance with
State-of-the-Art EVA & Robot

Technology
 ldentify set of REVOLUTIONARY | | _
technologiesto be evaluated Dua Animorphic Reflective
« Sdlf-Repairing Autonomous Telescope (DART) Concept
Robots

: ‘Major Structural Parts
o Self-Healing Nano-Tech Based -PrimarJIStructure

eSecondary Structure + Instrument Platform

M ater I al S eInflatable Reflector Structure
*Telescope/Bus Interface Structure
e EtcC. «|solation System
eSolar Array Structure
eSolar Array Actuators

eSolar Array Latch/Release

o Quantify performance benefitsof afew | .anenaaricuaion Mechanism

selected REVOL UTIONARY neyionae
TECHNOLOGIESwithin asystem | it ooy oo
context *How to Get Whole from its Parts?
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Task Steps & Status

v'Done v'Done v'Done
Basdine FAIR I dentify Task Identify
Assembly Sequence R Primitives - » Performance —
Parameters
Current Current Current
Define Work Sort Parameters: Model Performance
System Technology | «pPerformance ——— Of Tak Primitive=|___
Candidates «Technology f(Parameters)
Current Current

Build Spreadsheet
Modelsfor Task

Est. Parametersfor
current and

Define resour ces,
dependenciesfor

—» —> —_—
Primitives advanced task primitives
Technologies
I ntegrate task Compare Draw Observations.

primitive models
with resource
models

3| technology impacts

*Technologies
*Tasks
*Primitives

eI €sour ces
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EVA
PROJECT
OFFICE

FY02 RASC Status
Advanced EVA Capabilities Study

Richard Fullerton
NASA JSC/HQ
Joe Kosmo
NASA JSC

May 3, 2002

70



REVOLUTIONARY AEROSPACE SYSTEMS CONCEPTS

RASC EVA Study Purpose

The basic scope of this effort is to produce a comprehensive report that identifies
various design concepts for human related advanced EV A systems necessary to
achieve the goals of supporting future space exploration and devel opment
customers in free space and on planetary surfaces. The design concepts to be
studied and evaluated will not be limited to only anthropomorphic space suits, but
will be broad enough to include a wide range of human-enhancing EV A capability
technologies as well as consideration of optimized coordination with advanced
robotics.

The study effort will establish a baseline technology "road map" that will attempt
to layout an investment and technical development strategy including
recommendations that would lead to enhanced synergistic human/robot EVA
operations for future space missions by the 2020+ timeframe. The overall
objective of this study effort will be to focus evolving performance capabilities of
the various EVA system elements towards the goal of providing high performance
human operational capabilities for a multitude of applications and destinations.
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RASC EVA Study Forward Work

» Develop annotated outline of proposed report (due August 15, 2002)

« |dentify EVA topic areas and proposed graphics (supported by JF&A)

» Gather EVA/robotic related text and graphics from existing sources

« Compile/develop and edit text sufficient to provide appropriate narrative
information for completion of the annotated outline.

« Compile final report including electronic file and reproducible paper copy (due
December 15, 2002).

o JF&A
* Prepare updates and changes to the existing JF& A Exploration EV A database
» Prepare new computer graphics of advanced human/robot EVA systems
» Prepare updates to current human/robot EVA system animations
* Develop new "beyond the next generation" EVA human/robot system topics
* Prepare high resolution still photo illustrations for print/reproduction

* Report mediato include summary presentation. Both CD and hardcopy will contain report
details. Web edition to be posted at http://jsc.nasa.gov/xa/advanced.html
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Astronaut-aided Construction
of aLargeLunar Telescope

Michael B. Duke
Center for Commercial Applications of Combustion in Space
Colorado School of Mines

May 3, 2002
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Participants

Michael B. Duke, CSM, Principal I nvestigator

Robert King, CSM Engineering Division, Co-I

Paul van Susante, CSM, Graduate Research Asst.

Y uki Takashi, CSM, Summer Visiting Student

Jeffrey van Cleve, Ball Aerospace Corp., Astronomy Advisor
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Objectives

Definerationale for building very large (post NGST) telescopes on
the Moon

Address environmental constraints of lunar surface construction
Adopt a baseline design for avery large telescope

Develop concepts for manufacturing, emplacement, and oper ation
of the telescope

Assesstheroles of humansand machinesin telescope constr uction,
oper ation and maintenance

Characterize factorsthat dominate cost of constructing and
operating a very large lunar telescope
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Approach

Definition of lunar telescope based on studiesin literature and
discussionswith van Cleve environmental characteristic literature
review.

L unar telescope emplacement process buildson lunar polar IR
telescope designed by P. v. Susante asM Sthesisat U. Delft.

Construction tasks will be identified and characterized with
respect to complexity, repeatability, etc.; mix of humans/robotsto
complete tasks will be allocated, based on current and predicted
states of art.

Analysis of potential costswill include DDT&E, transportation,
maintenance, repair and upgrading
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Project Status

 Work will begin on project on May 6 (start of summer session at CSM) (if
contract isin place)

o Telescope definition discussionswith J. Van Cleeve—May 3 (Van Cleve's
timeis being contributed by Ball Aerospace)

 P.v.Susante will coordinate Lunar Telescope Design Project at ESA
Lunar Base Design Worksnop, June 10-21, at Noor dwijk
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L ife Detection Requirements Definition and
Revolutionary I nstrument Concept
Development

David McKay
NASA JSC

May 3, 2002
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Search for Lifeon Mars

SYSTEMS CONCEPTS

 Objective
— Define conceptsfor exploring for lifeon Mars
 Initial robotic exploration
» Precursor to Human missions
e Human missions

— Define sciencerequirementsto alevel sufficient to support a wide range of
Initial concept development

 Vision
— Find present or past lifeon Mars
— Usethisdiscovery to catalyze major human exploration program
— Establish permanent science baseon Mars
— Evolvetoward colonization
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Search for Lifeon Mars

AEROSPACE SYSTEMS CONCEPTS

 Approach
— Define science requirements for searching for life

o Start with MEPAG
— Take MEPAG requirementsto next level down
— Emphasis on environments for existing life-first priority
— Emphasis on environmentsfor past life-next priority

* Instrument and Mission Approach

— Start with current concepts for microarray system for detecting organic
compounds (see next chart)

— Determine potential discovery datarelated to lifeon Mars
— Generaterequirementsfor “golf ball” sizeinstrument
— Generate mission design for deploying this technology
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| nstrument Overview

MICROARRAY ASSAY FOR SOLAR SYSTEM EXPLORATION

Detects biomarkersin soil
samples

Volume: 10" tall x 6" wide x

8" deep

Approx. Mass: 30 Ibs,,
assuming all components made
of solid 316 stainless steel
(titanium would be much
lighter)

Power: Estimated 15-20 Watts
maximum at any given time

(MASSE) Current design concept

F—~ Preparation
P Chambers

——Vdve

/

- Optics Head

Trandation
Assembly

Electronics Box
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MASSE Functional Task Diagram

Data/
Communications

i

Immunoassay Li

fe Detection Instrument

Data Analysis & Interpretation
of Results (Transmit to host)

Immunoassay Life
Detection Instrument

Transfer system discards
current slide, retrieves next

didefor analysis

Stimulation of Fluorescence in each
well by 532nm laser source and
Detection w/ Photodiodes

i1

Acquire Soil Sample
(Receive from Lander
through airlock)

Sample Acquisition,
Preparation, & Delivery
System (Receives
Sample from host
vehicle)

) bath to optic area
l Antibody
Pulverize/Crush test t
Soil/Core Sample solution solution Dispense Dispense
exposure washdown
Multiple Mix Soil Extrant Liquid fluid into fluid into
Filtration and and Antibody Test Sol’n wet bath, - wet bath,
concentration in Mixture Chamber and incubate, soak, then
stages | ncubate and drain drain

| |

Transfer dide from wet

Sample Acquisition, Preparation, & Delivery System
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Study Approach

Assign technical lead with appropriate skillsto develop golf ball
Instrument concept

Evaluate latest technology in microfluidics
Continue acquisition and testing of antibodies

Gather and define mission concepts and requirementsto deliver
and use golf ball instruments
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Study Approach — Near term

e Near term

Have identified L ockheed person with space hardware experience and biology
background and have ‘borrowed’ her for the next 4 months

Have identified several companies specializing in microarrays, microfluidics, and
hardware devel opment

Have located atechnical conference on microfluidicsin July and have assigned
three people to attend, learn, make contacts, and report

Will work with current MASSE design to miniaturize from current desk-PC size to
golf ball size

Biggest breakthrough will be application of microfluidicsto replace existing
component (tanks, tubing, mechanical pumps, valves, etc.) design

Will work with appropriate vendor on new design
Will provide concept design for mission integration
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Study Approach — Mid term

e Midterm
— Will continue to define science requirements
— Will start choosing candidate sites by consultation with Mars science community
—  Will evaluate probabilities for detecting life
» White paper and publishable manuscript
« Charts

— Will bring in rest of MASSE team for brainstorming, instrument design, target
compound choices, extraction techniques
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Products

Written reports or charts

Presentations

Mockup of instrument

Help with proposal for mission

Help with presentation of science objectives

Help with astrobiology community communication

Communication and discussions
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Back Up Information
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@ To Explore the Universe and Search for Life

Exploring the Universe and the life within it... enabled by technology, first with
robotic trailblazers, and eventually humans... as driven by these compelling
scientific questions:

* How did we get here?

* Where are we going?

« Are we alone? o
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Science-Driven Process

To Explorethe Universeand Search for Life

Decisions are Science-Driven, not Destination-Driven
Human presence beyond LEO will be enabled as a means to scientific
exploration, not an end in itself

Enterprise Strategic Plans

- Office of Space Science (OSS) Themes & Missions
Origins (Space- & Ground-based Observatories)
Structure & Evolution of the Univer se (explores
time, gravity, matter and energy)
Solar System Exploration
- Astrobiology
Mar s Exploration Program
Sun-Earth Connection (Sun’s effects on solar
system, life, and society)

- Office of Space Flight (OSF) Themes & Missions
Human Exploration & Development of Space
| nter national Space Station
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Enterprise Strategic Plans. OSS Themes & Missions
Solar System Exploration

e Quests*“Framework”
— Explore formation & evolution of our solar system and the earth within it
— Seek the origin of life and its existence beyond earth
— Chart our destiny in the solar system

e Missions

— Quter Planets Program: Studies organic-rich environments, prebiotic chemistry,
& possible habitats in outer solar system (e.g., Cassini/Huygens, Europa Orbiter,
Galileo-Europa, Europa Lander...)

— Mars Exploration Program
» Scientific Goals:
— Search for evidence of past or present life
— Characterize climate & geology
— Prepare for human exploration

* Includes global surveys, in Situ science, sample return, subsurface
explorers, robotic outposts...

» Technology Program (e.g., sample handling, propulsion, autonomous
control...)

— Discovery Program: Community-define, competitively-selected, innovative,
high priority, rapid definition missions (e.g., Mars Pathfinder, NEAR...)
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REVOLUTIONARY AEROSPACE 5§

Enterprise Strategic Plans:. OSS Themes & Missions
Astrobiology

- Key major unifying scientific goal across Science Themes

- Addresses 3 Fundamental Questions:
- How did life begin and evolve?
- Isthere life elsewhere in the universe?
- What is the future of life on Earth and beyond?

- Astrobiology Roadmap: Provides Science goals & objectives

- Astrobiology Program
+ Research & Analysis
- Exobiology, Evolutionary Biology, & NASA Specialized Centers of
Research & Training
- NASA Astrobiology Institute (at ARC)
- Technology & Development
- Astrobiology Science & Technology Instrument Development (ASTID)

- Astrobiology Science & Technology for Exploring Planets (ASTEP)
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_‘_;‘ Enterprise Strateqgic Plans:
OSS Themes & Missions

e Origins
— Defining Science Questions:
e (1) Where do we comefrom? (2) Arewe alone?
— Goals.

* Tounderstand how galaxiesformed in the early universe
 Tounderstand how stars & planetary systemsform & evolve

« Todetermine whether habitable or life-bearing planets exist around
other stars

 Tounderstand how life forms and evolves
— Missions:
» Space-Based Observatories. HST, FUSE, SOFIA, SIRTF, ST3, SIM,
NGST, TPF, LF, PI

 Ground-Based Observatories: Keck, Keck Interferometer, Palomar
Testbed Interferometer
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Enterprise Strategic Plans:. OSS Themes & Missions

Astrobiology Science Program: Office

of Space Science, Hqtrs
Dr. Michael Meyer, Astrobiology
Discipline Scientist
NASA Astrobiology Institute (NAI) at
ARC
NAI Focus Groups

— Astromaterials

— Europa

— Evolutionary Genomics

— Mars

— Missionto Early Earth

— Mixed Microbial EcoGenomics
| nter national Affiliates

— UK Astrobiology Forum

— Australian Cntr for Astrobiology

Astrobioloqgy

NAI Lead Research Teams

ARC

Arizona State University

Carnegie Ingtitution of Washington
Harvard University

Jet Propulsion Laboratory (1)
Johnson Space Center

Marine Biological Laboratory
Pennsylvania State University
Scripps Research Ingtitute
University of California, Los Angeles
University of Colorado, Boulder

e New NAI Research Teams

Jet Propulsion Laboratory (2)
Michigan State University
University of Rhode Island
University of Washington
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Astrobiology Roadmap

The Astrobiology Roadmap provides guidancefor R & T development across
several NASA Enterprises.

e Space Science
« Earth Science
* Human Exploration & Development of Space

Three basic questions
* How does life begin and evolve?
» Doeslife exist elsewhere in the Universe?
 What islife s future on Earth and beyond?

 Formulated into 17 specific science objectives, which have been trandated into
NASA programs and integrated with NASA strategic planning.
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How does life begin and evolve?

Sour ces of organicson Earth. Determine whether the atmosphere of the early Earth,
hydrothermal systems or exogenous matter wer e significant sour ces of organic matter.

Origin of life'scellular components. Develop and test plausible pathways by which ancient
counter parts of membrane systems, proteins and nucleic acids were synthesized from
simpler precursorsand assembled into protocells.

Modelsfor life. Establish replicating, catalyti systems capable of evolution, and construct
labor atory models of metabolism in primitive living systems.

Genomic cluesto evolution. Expand and interpret the genomic database of a select group
of key microorganismsin order toreveal the history and dynamics of evolution.

Linking planetary and biological evolution. Describe the sequences of causes and effects
associated with the development of Earth's early biosphere and the global environment.

Microbial ecology. Define how ecophysiological processes structure microbial
communities, influence their adaptation and evolution, and affect their detection on other
planets.
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Doeslife exist el sewherein the Univer se?

The extremes of life. Identify the environmental limits for life by examining biological
adaptations to extremes in environmental conditions.

Past and present life on Mars. Search for evidence of ancient climates, extinct life and potential
habitats for extant life on Mars.

Life's precursors and habitats in the outer solar system. Determine the presence of life's
chemical precursors and potential habitats for life in the outer solar system.

Natural migration of life. Understand the natural processes by which life can migrate from one
world to another.

Origin of habitable planets. Determine (theoretically and empirically) the ultimate outcome of
the planet-forming process around other stars, especially as it relates to habitable planets.

Effects of climate and geology on habitability. Define climatological and geological effects
upon the limits of habitable zones around the Sun and other stars to help define the frequency of
habitable planetsin the universe,

Extrasolar biomarkers. Define an array of astronomically detectable spectroscopic features that
indicate habitable conditions and/or the presence of life on an extrasolar planet.
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What islife'sfuture on Earth and beyond?

Ecosystem response to rapid environmental change. Deter mine the
resilience of local and global ecosystems through their responseto
natural and human - induced disturbances.

Earth's future habitability. Model the future habitability of Earth by
examining the interactions between the biosphere and the chemistry and
radiation balance of the atmosphere.

Bringing life with us beyond Earth. Understand the human-dir ected
processes by which life can evolve beyond Earth.

Planetary Protection. Refine planetary protection guidelines and
develop planetary protection technology for human and robotic
missions.
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Technical Readiness L evel (TRL)

Used by NASA to define the state of development for systems and subsystems

Integ. System Tedt,
Deploym’t, & Ops

System/Subsystem
Devel opment

Integ. Benchtop Exper. to
Demo. Technology

Detailed Calcs, Simulation,
& Sub-component Test

Fundamental Data
Aquisition for Feasibility

Basic Technology
Research

R N W B~ 01 O N 00 ©

TRL Barometer
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TRL Based Development M odel

SAIC created log-normally distributed probabilistic models of development time

for TRLs

Median Timeto Uncertainty
TRL Development Error Factor
MTTD

1-3 10 15

2-4 7 10

3-5 5 7

5-7 3 5

6-8 2 3

7-9 1 1.5

Developed &
10 Integr%t od None
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Achievability Modd | mplementation

TRL- Median Mean 95% tile Achievability
P(successat 5 Years)
1-3 10 40 150 33%
2-4 7 20 70 40%
3-5 ) 10 35 50%
S-7 3 S 15 68%
6-8 2 2.5 6 91%
7-9 1 1.05 1.5 100%
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BNEP Concept: Scientific Probe To Neptune

Xenon Propellant Tanks for
Electric Propulsion Mode

Brayton Power
Conversion

(to be detailed)

Electric
Thrusters

Science Payload
. Liquid Hydrogen

High Temperature Propellant Tank for

CERMET Fueled Thermal Propulsion

Gas Cooled Reactor Mode
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| nter stellar Precursor Scientific Probe

 NASA Office of Space Science potential

mission s

o 2015 Departure 20 yearsto 200 AU 0
« 30 kg Science Package I
* NEP: -30
— Chemical Earth Escape from LEO (407 km g
Circular) to C3=100 km?/sec? 52

» |5p 466 sec, 88% Propellant Fraction _

e Jettison after TIS! T

— EP Acceleration to 200 AU e

« NTP E
— NTR Earth Escape from LEO to C3=435 ;E 120
km?/sec? T 30

- BNEP o
— EPLEO-HEEPO Spiral prior to Trans- 160
Interstellar Injection 170

— NTR Earth Escape to C3=100 km?/sec? 180

— Jettison LH2 Tank after TIS| o

— EP Accderation to 200 AU

214¢}

Spaca Transportation Project Cffica
Ghann Research Corfer

High Energy Mission

[

Coast
= Thrust
......... "._il-lrilh
-----Jupites
- - - Saturn

Meptune
Bl e

-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 &0 70

Heliocentric X (AU)
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Performance Comparison:
| nterstellar Precur sor Scientific Probe

2015 Mission 20 Year Trangt

20

IMLEO (Mt)
[

hJ
L

° NTR . MNEFP NEP NTR/EP

“Near-Term” “Near-Term” “Mid-Term” “Near-Term”

15 9405ec Tarayton” Tarayton” BNEP-S1Ting

Specific Mass 51 Specific Mass 47 Specific Mass 57

kg/kwe kg/kWe kg/kwe
41 kWe 32 kwe 43 kWe

9 Q |sp 11500 Isp 11500 |sp 11500/3000

Space ‘T“a“m’(';?ﬁ'.?n”gﬁﬂfﬁ.'. Ofice Chem Isp 466 Chem Isp 466 NTR Isp 940 103
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Planned FY 2002 Activities (continued)

e Human and Robotic Cooperative Teams Beyond LEO
— Study Lead: Chuck Weisbin, JPL
— Objective(s):
» Anayze human and robotic assets working jointly in space scenarios beyond
Earth orbit

 FYO02 analysis will focus on in-space structure deployment as defined in FY
01 by the multi-center (JSC/JPL/ARC/LaRC/Hq) NASA Human-Robot Joint
Enterprise Working Group
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Planned FY 2002 Activities (continued)

AEROSPACE

SYSTEMS

« Human and Robotic Cooperative Teams Beyond L EO (continued)

» Anaysiswill include:

Determination of optimal robot and human roles in space for range of mission
scenarios ?

Identification of those tasks for which humans and/or robots are each critical; for
what mission operations are humans so critical that the benefit compensates for risk
and cost.
Identification of mission architectures and procedures to best combine human and
robot rolesin first-of-kind space operations.
| dentification of technology gaps where neither human or robot technology meets
anticipated requirements.
Quantification and analysis of performance for various human/robot system
architecture options, as determined in controlled laboratory conditions.
Trades of various types of mission and system architectures, e.g.,

» Remote tele-presence, with human at a control station and robots operating in

supervisory control at a remote location

» Cooperative task execution, with both humans and robots operating jointly at
aremote location
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Planned FY 2002 Activities (continued)

« Advanced In-Space EVA Capabilities

— Study Lead: Joe Kosmo, JSC [Original proposal submitted by Mary DiJoseph,
HQ]
— Objective(s):
» Develop designs for advanced EV A systems/spacesuits for highly-capable
human operation in free space:

— Undertake the development of multiple EVA system designs that achieve the goals
of deploying, servicing, rescuing, repairing, and upgrading future major space
facilities in free space

— Alternative designs will be broad enough to include arange of human-enhancing
capabilities: telerobotics from a station, ‘man-in-a-can’, etc

— Inall cases, optimized coordination with advanced robotics will be incorporated

» Develop atechnology investment/EV A capabilities ‘roadmap’ for the next two
decades:

— Develop aroadmap for free-space EV A that lays out an investment and
development strategy and recommendations that would lead to enhanced
human/robotic operation in space by the 2020+ timeframe
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RASC EVA Study Progress

Initial approval tentatively granted in mid August 2001 ($250K estimate)
HQ enterprises notified of FY 02 task selections via Oct 2 meeting and Oct 4 letter
Responsibility reassigned from original HQ/GSFC contact to JSC in October-November

Advanced EV A presentation made to human/robotic exploration workshop on Nov 6-7.
Results are posted at http://www.icase.edu/workshops/hress01.html . Still waiting on receipt of
CD of proceedings for consideration in EVA report

Initial portion of RASC FY 02 funds supplied to JSC in December 2001

EVA study implementation plan routed in mid January 2002 (SAIC and Frassanito tentatively
identified as task support contractors)

Other tasks identified by LaRC reduced the EV A alocation to $125K in early Feb 2002
$56.5K of alocated $125K segregated from 2 unrelated RASC tasks in late Feb 2002

Readily available technical information provided to SAIC in February and March
Procurement paperwork filled out and funds made available to support contractorsin late
March 2002 ($20K to JF& A, $36.5K to SAIC).

Plans in work to solicit inputs from academia, industry and NASA centers. ARC/JSC robotics
state of the art questionaire obtained for EVA study customization and email distribution.
Adaptation and reuse of ARC website was found to not be practical or sufficiently useful (too
much time and labor - not free to non-ARC customers)

Remaining balance of funds not yet received at JSC

Since this effort isonly in the early stage of development, no significant progress can be
reported other than the above mentioned planning and coordination activities
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Planned FY 2002 Activities (continued)

AEROSPACE

« Human Emplacement of Lunar Telescopes

— Study Lead: Mike Duke, CSM [Original proposal submitted by Harley
Thronson, HQ)]

— Objective(s):

» Assess how effectively astronomical tel escopes would work on the Moon
— Ciritically examine telescopes on the surface of the Moon in terms of:

»

»

»

»

»

Environmental limitations to sensitive operation on the surface of the Moon
compared to free space

Technological solutions which might mitigate these limitations
Identification of operational constraints for surface and free-space operation
of astronomical observatories

Based on the science priorities of the Office of Space Science, this study
would concentrate on ultraviolet, visual, and infrared wavelengths

Assess siting telescopes in unique locations, such as shadowed craters near
the lunar poles, or other special situations that could use the environmental
properties of the Moon in novel ways for emplacement of telescopes
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AEROSPACE

REVOLUTIONARY

Planned FY 2002 Activities (continued)

« Human Emplacement of Lunar Telescopes (continued)
» Assess the optimum designs for large astronomical telescopes on the Moon's

surface

— Designsfor complex scientific facilities on the Moon’ s surface or elsewhere are
likely to depend strongly upon the techniques used for construction, repair, and
servicing

— Assess the problems of fabrication, transportation, erection, and operations of a
telescope on the Moon and identify the technology capabilities needed to overcome
the challenges

— Characteristics to be considered are:

»

»

»

»

Expected performance of the lunar telescope

Operational concept for deploying the instrument on the Moon, optimally
using humans and machines to assembl e the instrument

Operational concept for repairing or upgrading the instrument, including
roles of humans and robots

Transportation cost for moving the telescope from Earth to the Moon’'s
surface
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i Program Development —
Advanced

Technology

Benefits Current

Technology

l S

Costs Program Launch Date

» Plan to take advantage of success
* Do not plan for success (in terms
of technology breakthroughs)

CalendarTime
iz

Typical Investment Cost Benefit Streams (Undiscounted)
for
Current and Advanced Technology

MNote Advanced Technology "Promises" higher return for greater investment but the retum has greater uncertainty 110



